(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organization 
International Bureau 

(43) International Publication Date (10) International Publication Number 

29 December 2004 (29.12.2004) PCT WO 2004/112602 Al 




(51) International Patent Classification 7 : A61B 5/00 

(21) International Application Number: 

PCT/US2004/019129 

(22) International Filing Date: 14 June 2004 (14.06.2004) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

60/478,693 13 June 2003 (13.06.2003) US 

60/478,681 13 June 2003 (13.06.2003) US 

(71) Applicant (for all designated States except US): PE- 
LIKAN TECHNOLOGIES, INC. [US/US]; 1072 East 
Meadow Circle. Palo Alto, CA 94303 (US). 

1 72) Inventors; and 

(75) Inventors/Applicants (for US only): FREEMAN, Do- 
minique, M [GB/US|; 4545 La Honda Road. La Honda. 



CA 94020 (US). BOECKER, Dirk [DE/US], 1652 
Castilleja Avenue, Palo Alio, CA 94306 (US). ALDEN, 
Don (US/US); 1312 Nelson Way. Sunnyvale, CA 94087 
(US). MAUZE, Ganapati fUS/USj: 1072 East Meadow 
Circle, Palo Alto, CA 94303 (US). 

(74) Agent: TUNG, Hao. Y.; Heller Ehrman While & 
Mcauliffe LLP, 275 Middlefield Road, Menlo Park, CA 
94025-3506 (US). 

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL. AM. 
AT, AU, AZ, BA, BB, BG, BR. BW. BY. BZ, CA, CI I. CN. 
CO. CR, CU, CZ. DE, D.K, DM, DZ, EC. EE, EG : ES. EL 
GB. GD, GE. GH. GM. HR. HU. ID. 1L. IN, IS. JP. KE. 
KG, KP, KR, KZ, LC, LK, LR, LS, LT. LU. LV, MA, MD. 
MG. MK. MN. MW. MX, MZ, NA. Nl. NO, NZ. OM, PG, 
PIL PL, PI, RO, RU, SC. SD, SE, SG. SK. SL, SY TJ, TM. 
TN, TR, IT. TZ, UA, UG, US, UZ, VC VN, YU. ZA, ZM. 
ZW. 

I Continued on next page] 



(54) Title: METHOD AND APPARATUS EOR A POINT OE CARE DEVICE 



&4 




-3/0 



r 



324 



(57) Abstract: A plurality of Point-of-Care (POC) tests on a single car- 
tridge (300) is provided such that sequential or nonsequential tests may 
be performed in an integrated fashion without changing the test cartridge. 
Each cartridge can contain a penetrating member sensor (302) combi- 
nation in a radial disk format, interrogated and read by a single illumi- 
nation/detection device. Alternatively a series of tests can be measured 
electrochemically and reported. Only those tests, which are required al 
the time, the sample is taken need to be reported, though all tests are car- 
ried out. 



2?6 



WO 2004/112602 Al 



(84) Designated States (unless otherw ise indicated, for every 
hnd of regional protection available): ARIPO (BW GH 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ. TZ UG " ZM 
/W), Eurasian (AM, AZ, BY, KG. KZ. MD. RU TJ TM) 
European (AT, BE. BG. CH, CY. CZ, DE. DK EE ES Fl 
FR, GB. GR, HU, IE. IT, LU, MC. NL, PL FV RO SE SI 
SK TR), OAPI (BE BJ, CF, CXI, Cl t 'cM f OA, CiN. GQ, 
GW, ML, MR. NE, SN, TD, TG). 

Published: 

— with international search report 



b€fore the Ration of the time limit for amending the 
daims and to be republished in the event of receipt of 
amendments J 

For nvo-letter codes and other abbreviations, refer to the "Guid 
ance Notes on Codes and Abbreviations " appearing at the begin- 
rung of each regular issue of the PCT Gazette. 



WO 2004/112602 



PCT/US2004/019129 



METHOD AND APPARATUS FOR A POINT OF CARE DEVICE 

5 BACKGROUND OF THE INVENTION 

A . TECHNICAL FIELD 

The technical field relates to using fluorescence or fluorescence lifetime decay of 
oxygen sensors to measure multiple parameters simultaneously such as pH, blood gases, 
electrolytes, immunoassay and hematology in a handheld miniaturized format using 
10 inexpensive electronics for illumination detection, lancet actuation and data 

communication. Alternatively, electrochemical tests suitable for point of care testing can 
be employed. 

B. RELATED ART 

1 5 POC (point of care) testing is attractive because it rapidly delivers results to the 

medical practitioner and enables faster consultation with the patient enabling the 
practitioner to commence treatment sooner, perhaps leading towards improved patient 
outcomes. Relevant art includes the use of screening and monitoring diagnostics for early 
intervention, such as cardiac markers for early detection of angina, coronary artery 

20 occlusion and ruling out chest pain (triage). Examples of POC tests include blood 
chemistry such as glucose, lactate, electrolytes, as well as hematology, immuno- 
diagnostics, drugs of abuse, serum cholesterol, fecal occult blood test ( ll FOBT v ), 
pregnancy, and ovulation. Examples of electrochemical Point of Care devices, which are 
hand, held are given by the i-STAT where electrochemical tests are carried out on a few 

25 drops of blood. Based on Microfabricated thin film electrodes, common tests include 

creatinine, or glucose on single cartridges, or combined tests such as sodium, potassium, 
hematocrit and hemoglobin on a single cartridge. Tests are combined on cartridges 
depending on the application e.g. blood gas panel etc. One disadvantage to this 
deployment of tests on panel specific cartridges is that in some cases several cartridges 

30 may be used to obtain complete POC information from the patient. 
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Current POC devices such as the i-STAT do not provide an integrated solution for 
patient self-testing for sample acquisition, testing, analysis and connectivity to remote 
centralized healthcare. Accordingly i, is the object of this invention 1 to provide a portable 
highly integrated, multi-parameter measurement instrument where sampling is integrated 
5 with measurement processes from 1 pL of b.ood or less. Integration will allow the broad 
deployment of tests for a single sample acquisition step. This fully integrated blood 
sampling and measurement technology platform has been established for glucose spot 
monitoring, (WO 02/1000254 Lance, launching device integrated on to a blood sampling 
cartndge) in a mul.i-test formal ( 1 00 + tests) employing an electronic blood-sampling 
10 device (WO 02/100460 Eiectnc lance, actuator, WO 02/100251 Self op,,mizi„ e lancin* 
dewce) embedded within a glucose measurement instrument and a da,a management ' 
system (WO 02/101359 Integrated b.ood samp.mg and analysis system with mulli use 
sampling module). Optical measurement of analy.es provides the potential to moniior 
-mportan, clinical analytes for Point of Care applications. Fluorescent amplitude or 
5 lifetime decay optical measurements of glucose can be made with low-cost, low-power 
consumption components thai are compatible with handheld instrumentation. These 
components include LED's, plastic optical elements, and CMOS or photodiode light 
de.ec.ors. The opportunity exists to carry ou, multiple measurements on the same sample 
to obtam more precise results or to analyze for components other (han glucose (US. 
6,379,969 Optical sensor for sensing multiple analytes) 

These POC still use a body fluid sample. Obtaining such a sample usine 
conventional lancing device can be painful. Early methods of lancing included piercing 
or s.,cmo the skin wi.h a needle or razor. Current methods utilize lancmg devices that 
contain a multitude of spring, cam and mass actuators to drive the lancet. These include 
cantilever springs, diaphragms, coil springs, as well as gravity plumbs used ,o drive the 
lancet. The device may be held against the skin and mechanicallv trigged to 
ballis.ica.ly launch the lance,. Unfortunately, ,he pa.n associated with each lancing even, 
us.ng known technology discourages pa.ients from testing. In addi.ion ,o vibra.orv 
emulation of the skin as the driver impacts the end of a launcher stop. know. sprine 
based dev.ces have ,he possibility of firing lance.s tha, harmonically oscillate aeainst ,he 
patten, nssue, causing multiple s.rikes due ,o recoil. This recoil and multiple s.rikes of 
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the lancet is one major impediment to patient compliance with a structured glucose 
monitoring regime. 

Another impediment to uncomfortable patient experience of giving a blood 
sample is the lack of spontaneous blood flow generated by known lancing technology. In 
5 addition to the pain as discussed above, a patient may need more than one lancing event 
to obtain a blood sample since spontaneous blood generation is unreliable using known 
lancing technology. Thus the pain is multiplied by the number of attempts required by a 
patient to successfully generate spontaneous blood flow. Different skin thickness may 
yield different results in terms of pain perception, blood yield and success rate of 

10 obtaining blood between different users of the lancing device. Known devices poorly 
account for these skin thickness variations. 

Measurement of glucose concentration is commonly based on the use of an 
enzyme such as glucose oxidase or glucose dehydrogenase. In such sensing schemes, 
glucose (substrate) is turned over by an enzyme layer resulting in change in the 

1 5 concentration of another species such as oxygen or hydrogen ion. The change in 

concentration of these species can be converted into some charge based or optical change 
at a transducer interface (sensing region). Alternatively, if the enzyme is electrically 
coupled to an inert electrode, such a reaction results in a change in electron flow at 
constant applied potential. Both types of transduction mechanisms are widely used in 

20 glucose sensing. In the former type of transduction scheme, the reaction zone can be 
decoupled from the sensing region. Thus, the reaction of the enzyme with the substrate 
can be brought about in one region and the concentration measurement can be done in 
another region. In the latter scheme, the enzymatic reaction has to occur in close 
proximity to the sensing region (electrode surface) for electrical coupling. Some devices 

25 may also include analyte detecting member for analyzing sample tluid. Unfortunately, 
the storage ability of these devices are limited due to the need for some of these elements 
to be stored in inertenvironments. 

The current sensing technologies do not attempt the separate the reaction zone 
from the sensing region. One disadvantage of this approach is that the enzyme layer has 

30 to be placed in close proximity to the sensing element. This results in considerable 

difficulty in manufacturing and/or stabilizing the chemistries associated with enzymatic 
reaction and the transduction scheme. For example in the optical transduction schemes, an 
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oxygen sensing layer such as a silicone rubber film doped with a flurophore, such as Ru 
Tris Diphenyl Phenan.hroline, is coupled to the enzymatic layer containing glucose 
oxidase. The chemicals used in making these layers interfere with proper functioning of 
each other. There is often considerable reduction in the enzyme activity. The resultant 
sensors have limited dynamic range or limited shelf life or both. 



SUMMARY OF THE INVENTION 

The present invention provides solutions for at least some of the drawbacks 
discussed above. Specifically, some embodiments of the present invention provide an 
improved body fiuid sampling device. The device may be used to perform a pluralitv of 
analyte tests on a single sample. A, leas, some of these and other objectives described 
herein will be met by embodiments of the present invention. 

In one embodiment, the present invention provides a multiple analvte detecting 
member and multiple lance, solution to measure analyte levels in the body. The invention 
may use a high-density analyte detecting member design of electrochemical or optical 
origin using multiple analyte detecting members to measure an analyte in a body fiuid I, 
may use lancets of smaller size than known lancets. The device may .be used for multiple 
lancing events without having to remove a disposable from the device. 

The present invention provides solutions for at least some of the drawbacks 
discussed above. Specifically, some embodiments of the present invention provide an 
•mproved fiuid sampling device. To improve shelf stable storage, devices and methods 
for decoupling enzyme layer from the sensing region may be provided. What is desired is 
a device and method that decouples the enzymatic reaction zone from the sensing region 
while providing appropriate contacting of the two with the sample to be analyzed. At 
least some of these and other objectives described herein will be met by embodiments of 
the present invention. 

In one aspect of the present invention, the mven.ion relates to using the electronic 
tissue penetration device to drive a penetrating member into tissue, causing two separated 
30 storage areas to be opened during actuation. 

In one embodiment of the present invention, a method of body fiuid sampling is 
provided. The method comprises moving a penetrating member at conforming l0 a 



25 



WO 2004/112602 



PCT/US2004/019129 



selectable velocity profile or motion waveform; piercing a storage area having a sensing 
area; piercing another storage area having an enzyme area separate from the sensing area 
prior to piercing; and causing fluid to first flow to the enzyme area and then to the sensing 
area. The method may further comprise storing said enzyme area in an inert environment 
5 different from an environment for the sensing area. 

The system may further comprise means for coupling the force generator with one 
of the penetrating members. 

The system may further comprise a penetrating member sensor positioned to 
monitor a penetrating member coupled to the force generator, the penetrating member 
10 sensor configured to provide information relative to a depth of penetration of a 
penetrating member through a skin surface. 

The depth of penetration may be about 100 to 2500 microns. 

The depth of penetration may be about 500 to 750 microns. 

The depth of penetration may be. in this nonlimiting example, no more than about 
15 1000 microns beyond a stratum corneum thickness of a skin surface. 

The depth of penetration may be no more than about 500 microns beyond a 
stratum corneum thickness of a skin surface. 

The depth of penetration may be no more than about 300 microns beyond a 
stratum corneum thickness of a skin surface. 
20 The depth of penetration may be less than a sum of a stratum corneum thickness 

of a skin surface and 400 microns. 

The penetrating member sensor may be further configured to control velocity of a 
penetrating member. 

The active penetrating member may move along a substantially linear path into 
25 the tissue. 

The active peneirating member may move along an at least partially curved path 
into the tissue. 

The driver may be a voice coil drive force generator. 

The driver may be a rotary voice coil drive force generator. 
30 The penetrating member sensor may be coupled to a processor with control 

instructions for the penetrating member driver. 
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The processor may include a memory for storage and retrieval of a set of 
pene.rat.ng member profiles utilized with the penetrating member driver 

. he processor may be utilized to monitor position and speed of a penetrating 
member as the penetrating member moves in a firs, direction. 

The processor may be utilized to adjust.an application of force to a penetrating 
member to achieve a desired speed of the penetrating member. 



Th Processor may be utilized to ad JUS , an application of force to a pene,ra,in 8 
member when the penetrating member contacts a target tissue so that the penetratin* 
member penetrates the target tissue within a desired range of speed 



The processor may be utilized to monitor position and speed of a penetratin* 
member as the penetrat.ng member moves in the firs, direction toward a target tissu^e 
w erem the application of a launch.ng force to the penetrating member is con.rol.ed ' 
based on pos.t.on and speed of the penetrating member 

The processor may be utilized to control a withdraw force t0 , he pe 
member so tha, the penetrating member moves in a second direction away from the target 

In the firs, direction, the penetrating member may move toward the tar.e, tissue a, 
aspeed^ 

the target tissue. J 

2.0 ,o " pene,ra "" s membe - ,irs ' -> * - 

^ **. , m™*, d „„„ g . , iS!ue penelraiion siroke 
h. „, s , d , rK110n mav be abou , , 00 , o aboui iooo , mts sre>iet ihm 

vel«,,v „, , he penclra , m8 memb „ dunns a wnhdrawa| s(roke ^ a ^ ^ 

A further unterandi^ „f , he „,,„„ and a<J ^ ' 

« t,v refere „c e ,„ te temainin? por ,, 0 „ s rf fc ^ ^ 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates an embodiment of a controllable force driver in the form of a 
cylindrical electric penetrating member driver using a coiled solenoid -type configuration. 

Figure 2A illustrates a displacement over time profile of a penetrating member 
driven by a harmonic spring/mass system. 

Figure 2B illustrates the velocity over time profile of a penetrating member driver 
by a harmonic spring/mass system. 

Figure 2C illustrates a displacement over time profile of an embodiment of a 
controllable force driver. 

Figure 2D illustrates a velocity over time profile of an embodiment of a 
controllable force driver. 

Figure 3 is a diagrammatic view illustrating a controlled feed-back loop. 

Figure. 4 is a perspective view of a tissue penetration device having features of the 
invention. 

Figure 5 is an elevation view in partial longitudinal section of the tissue 
penetration device of Figure 4. 

Figure 6 shows one embodiment of a radial disc for use with the present 
invention. 

Figures 7 A and 7B show embodiments of the present invention. 
Figure 8 shows one embodiment of the present invention for performing multiple 
measurements. 

Figure 9 shows one embodiment of a cartridge configured to measure different 
analyies. 

Figure 10 shows one embodiment of a cartridge having analyte detecting members 
on the underside. 

Figure 1 1 shows one embodiment of method for preparing fluid for measurement. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

The present invention provides a solution for body fluid sampling. Specifically, 
some embodiments of the present invention provides a method for improving 
spontaneous blood generation. Some embodiments of the present invention provide an 
improved body fluid sampling device. For some embodiments of these penetrating 
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member drivers, the invention relates to a new contact point algorithm that is run 
-mediately before the actual lance even,. At .east some of these and other objectives 
described herein will be met by embodiments of the present invention. ' 

1« is to be understood tha, both the foregoing general description and the followino 
• deta.ied description are exemplary and explanatory only and are not restrictive of the * 
■nvennon, as claimed. It may be noted that, as used in the specification and the appended 
datms, the singular forms V, "an" and "the" include plural referents unless the context 
dearly dictates otherwise. Thus, for example, reference to "a material- may include 
natures of materials, reference to "a chamber may include multiple chambers, and the 
l.ke. References cited herein are hereby incorporated by reference in their entire* except 
■o .he exten, that they conflict with teachings explicitly set forth in this specification 

In «h,s specification and in the claims which follow, reference will be made to a 
number of terms which shall be defined to have the following meanings: 

"Optional" or "optionally" means that the subsequently described circumstance 
may or may not occur, so that the description includes instances where the circumstance 
occurs and instances where i, does not. For example, if a device optionally contains a 
leature for analyzing a blood sample, this means tha, the analysis feature may or may no. 
be present, and, thus, the description includes structures wherein a device possesses the 
analys.s feature and structures wherein the analysis feature is no. present. 

The present invention may be used with a variety of different penctratine member 
dnvers. 1, is contemplated tha, ,hese penetrating member drivers mav be springbased 
soleno.d based, magnetic driver based, nanomuscle based, or based on any other 
mechanism useful in moving . penetrating member along a path into tissue. „ should be 
noted tha, the presen, invention is no. limited by ,he type of driver used with the 
penetrating member feed mechanism. One su.table penetrating member driver for use 
w,«h the presen, invention is shown in Figure I . This is an embodiment of a solenoid ,vpe 
electromagnet, driver that is capable of driv ing an iron core or slug mounted to the ' 
penetrating member assembly using a direct current (DC) power supply The 
electromagnetic driver includes a driver coil pack that is divided into three separate coils 
along the path of the penetrating member, two end coils and a middle coil. Direct current 
» -l.erna.cd ,o ,he coils ,o advance and re.rac, the penetrating member. Althouah ,he 
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driver coil pack is shown with three coils, any suitable number of coils may be used, for 
example. 4, 5, 6. 7 or more coils may be used. 

Referring to the embodiment of Figure 1, the stationary iron housing 10 may 
contain the driver coil pack with a first coil 12 flanked by iron spacers 14 which 

5 concentrate the magnetic flux at the inner diameter creating magnetic poles. The inner 
insulating housing 16 isolates the penetrating member 18 and iron core 20 from the coils 
and provides a smooth, low friction guide surface. The penetrating member guide 22 
further centers the penetrating member 18 and iron core 20. The penetrating member 18 
is protracted and retracted by alternating the current between the first coil 12. the middle 

10 coil, and the third coil to attract the iron core 20. Reversing the coil sequence and 

attracting the core and penetrating member back into the housing retracts the penetrating 
member. The penetrating member guide 22 also serves as a stop for the iron core 20 
mounted to the penetrating member 1 8. 

As discussed above, tissue penetration devices which employ spring or cam 

15 driving methods have a symmetrical or nearly symmetrical actuation displacement and 
velocity profiles on the advancement and retraction of the penetrating member as shown 
in Figures 2 and 3. In most of the available lancet devices, once the launch is initiated, 
the stored energy determines the velocity profile until the energy is dissipated. 
Controlling impact, retraction velocity, and dwell time of the penetrating member within 

20 the tissue can be useful in order to achieve a high success rate while accommodating 
variations in skin properties and minimize pain. Advantages can be achieved by taking 
into account of the fact that tissue dwell time is related to the amount of skin deformation 
as the penetrating member tries to puncture the surface of the skin and variance in skin 
deformation from patient to patient based on skin hydration. 

25 In this embodiment, the ability to control velocity and depth of penetration may be 

achieved by use of a controllable force driver where feedback is an integral part of driver 
control. Such drivers can control either metal or polymeric penetrating members or any 
other type of tissue penetration element. The dynamic control of such a driver is 
illustrated in Figure. 2C w hich illustrates an embodiment of a controlled displacement 

30 profile and Figure 2D which illustrates an embodiment of a the controlled velocity 
profile. These are compared to Figures 2A and 2B. which illustrate embodiments of 
displacement and velocity* profiles, respectively, of a harmonic spring/mass powered 
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dnver. Reduced pain ean be achieved by using impact velocities of greater than about 2 
m/s entry of a tissue penetrating dement, such as a lancet, into tissue. Other suitab.e 
embodiments of the penetrating mem ber driver are described in commonly assigned 
-pending U.S. Patent App.ication Ser. No. ,0/127,395, (AUomeyiocket No. 38.87- 
> 2 ^ l ) fi ^Aprill9 : 2002andpreviou S |yincorpora.edherein. 

Figure 3 illustrates the operation of a feedback loop using a processor 60 The 
Processor 60 stores profi.es 62 ,„ non-volatile memory . A user inputs information 64 
about the desired circumstances or parameters for a lancing even,. The processor 60 
selects a driver profile 62 from a set of alternative driver profi.es that have been 
preprogrammed in the processor 60 based on typica, or des.red t.ssue penetration device 
performance determmed through testing a, the factory or as programmed in by the 
operator. The processor 60 may customize by either scaling or modifying the profi.e 
based on additional user input information 64. Once the processor has chosen and 
customized .he profi.e, the processor 60 is ready to modulate the power from the power 
su PPl. v 66 to the penetrating member driver 68 through an amp.ifier 70. The processor 60 
-y measure the locat.on of the penetrating member 72 using a position sensina 
mechanism 74 through an ana.og to digita, converter 76 .inear encoder or othe/such 
transducer. Examples of position sensing mechanisms have been described in the 
embodiments above and may be found in the specification for commonly assigned 
copending U.S. Patent Appl.cation Ser. No. ,0/,27,395, (Attorney Docket No 38,87- 
25,1) fi,ed April .9, 2002 and previously incorporated herein. The processor 60 
calculates the movement of the penetrating member by comparing the actual profiie of the 
Penetrating member to the predetermined profile. The processor 60 modulates the power 
.o , he penetrating member driver 68 through a signal generator 78, which may control the 
amphfier 70 so tha, the actual velocity profile of the penetrating member does no, exceed 
•he predefined profi.e by more than a preset error limit. The error .imi, is ,he 
accuracy in the control of .he penetrating member. 

After the .ancing even,, the processor 60 can allow the user to ranJ< the results of 
« e .ancng even,. The processor 60 stores ,hese resul.s and constructs a database 80 for 
^0 the md.vidua. user. Using ,he da,abase 79, ,he processor 60 ca.cula.es ,he profi.e ,ra,,s 
such as degree of painlessness, success rate, and blood volume for various profiles 62 
dependmg on user in P u, informafion 64 ,o opfim.ze ,he profi.e to ,he individual u.er for 
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subsequent lancing cycles. These profile traits depend on the characteristic phases of 
penetrating member advancement and retraction. The processor 60 uses these 
calculations to optimize profiles 62 for each user. In addition to user input information 
64, an internal clock allows storage in the database 79 of information such as the time of 
5 day to generate a time stamp for the lancing event and the time between lancing events to 
anticipate the user's diurnal needs. The database stores information and statistics for each 
user and each profile that particular user uses. 

In addition to varying the profiles, the processor 60 can be used to calculate the 
appropriate penetrating member diameter and geometry suitable to realize the blood 

10 volume required by the user. For example, if the user requires about 1-5 microliter 

volume of blood, the processor 60 may select a 200 micron diameter penetrating member 
to achieve these results. For each class of lancet, both diameter and lancet tip geometry, 
is stored in the processor 60 to correspond with upper and lower limits of attainable blood 
volume based on the predetermined displacement and velocity profiles. 

1 5 The lancing device is capable of prompting the user for information at the 

beginning and the end of the lancing event to more adequately suit the user. The goal is 
to either change to a different profile or modify an existing profile. Once the profile is 
set. the force driving the penetrating member is varied during advancement and retraction 
to follow the profile. The method of lancing using the lancing device comprises selecting 

20 a profile, lancing according to the selected profile, determining lancing profile traits for 
each characteristic phase of the lancing cycle, and optimizing profile traits for subsequent 
lancing events. 

Figure 4 illustrates an embodiment of a tissue penetration device, more 
specifically, a lancing device 80 that includes a controllable driver 179 coupled to a tissue 

25 penetration element. The lancing device 80 has a proximal end 81 and a distal end 82. At 
the distal end 82 is the tissue penetration element in the form of a penetrating member 83, 
which is coupled to an elongate coupler shaft 84 by a drive coupler 85. The elongate 
coupler shaft 84 has a proximal end 86 and a distal end 87. A driver coil pack 88 is 
disposed about the elongate coupler shaft 84 proximal of the penetrating member 83. A 

30 position sensor 91 is disposed about a proximal portion 92 of the elongate coupler shaft 
84 and an electrical conductor 94 electrically couples a processor 93 to the position sensor 
91. The elongate coupler shaft 84 driven by the driver coil pack 88 controlled by the 
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position sensor 91 and processor 93 form .he controllable driver, specifically, a 
controllable electromagnetic driver. 

Referring to Figure 5, the lancing device 80 can be seen in more detail, in partial 
longitudinal section. The penetrating member 83 has a proximal end 95 and a distal end 
i 96 with a sharpened point at the distal end 96 of the penetrating member 83 and a drive 
head 98 disposed at the proximal end 95 of the penetrating member 83. A penetrating 
member shall 201 is disposed between the drive head 98 and the sharpened point 97. The 
penetrat ing member shaft 201 may be comprised of stainless steel, or any other suitable 
material or alloy and have a transverse dimension of about 0.1 to about 0.4 mm. The 
pene.ra.mg member shaft may have a leng.h of abou. 3 mm to abou. 50 mm. specifically 
abou. 15 mm to abou, 20 mm. The drive head 98 of the penetrating member 83 is an 
enlarged porfion having a transverse dimension greater than a transverse dimension of the 
penetrating member shaft 201 distal of the drive head 98. This configuration allows the 
drive head 98 to be mechanically captured by the drive coupler 85. The drive head 98 
may have a transverse dimension of about 0.5 to about 2 mm. 

A magnetic member 102 is secured to the elongate coupler shaft 84 proximal of 
the drive coupler 85 on a distal portion 203 of the elongate coupler shaft 84. The 
magnetic member 102 is a substantially cylindrical piece of magnetic material having an 
axial lumen 204 extending the leng.h of the magnetic member 102. The magnetic 
member 102 has an outer transverse dimension that allows the magnetic member 102 to 
slide easily within an axial lumen 105 of a low friction, possibly lubricious, polymer 
guide tube 1 05' disposed within the driver coil pack 88. The magnetic member 102 may 
have an outer transverse dimension of abou. 1 .0 to abou. 5.0 mm, specifically, abou. 2.3 
to about 2.5 mm. The magnetic member 102 may have a leng.h of about 3.0 to about 5.0 
mm, specifically, abou, 4.7 to about 4.9 mm. The magnetic member 102 can be made ' 
from a variety of magnetic materials including ferrous metals such as ferrous steel, iron, 
fertile, or the like. The magnetic member 102 may be secured to the distal portion 203 of 
the elongate coupler shaft 84 by a variety of methods including adhesive or epoxy 
bonding, welding, crimping or any other suitable method. 

Proximal of the magnetic member 102, an optical encoder flag 206 is secured to 
the elongate coupler shaft 84. The optical encoder flag 206 is configured to move within 
a slot 107 in the position sensor 91. The slot 107 of the position sensor 91 is formed 
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between a first body portion 108 and a second body portion 109 of the position sensor 91. 
The slot 107 may have separation width of about 1 .5 to about 2.0 mm. The optical 
encoder flag 206 can have a length of about 14 to about 18 mm, a width of about 3 to 
about 5 mm and a thickness of about 0.04 to about 0.06 mm. 
5 The optical encoder flag 206 interacts with various optical beams generated by 

LEDs disposed on or in the position sensor body portions 108 and 109 in a predetermined 
manner. The interaction of the optical beams generated by the LEDs of the position 
sensor 91 generates a signal that indicates the longitudinal position of the optica! flag 206 
relative to the position sensor 91 with a substantially high degree of resolution. The 

10 resolution of the position sensor 91 may be about 200 to about 400 cycles per inch. 

specifically, about 350 to about 370 cycles per inch. The position sensor 91 may have a 
speed response time (position/time resolution) of 0 to about 1 20,000 Hz, where one dark 
and light stripe of the flag constitutes one Hertz, or cycle per second. The position of the 
optical encoder flag 206 relative to the magnetic member 102, driver coil pack 88 and 

15 position sensor 91 is such that the optical encoder 91 can provide precise positional 
information about the penetrating member 83 over the entire length of the penetrating 
member's power stroke. 

An optical encoder that is suitable for the position sensor 91 is a linear optical 
incremental encoder, model HEDS 9200, manufactured by Agilent Technologies. The 

20 model HEDS 9200 may have a length of about 20 to about 30 mm, a width of about 8 to 
about 12 mm, and a height of about 9 to about 1 1 mm. Although the position sensor 91 
illustrated is a linear optical incremental encoder, other suitable position sensor 
embodiments could be used, provided they posses the requisite positional resolution and 
time response. The HEDS 9200 is a two channel device where the channels are 90 

25 degrees out of phase with each other. This results in a resolution of four times the basic 
cycle of the flag. These quadrature outputs make it possible for the processor to determine 
the direction of penetrating member travel. Other suitable position sensors include 
capacitive encoders, analog reflective sensors, such as the reflective position sensor 
discussed above, and the like. 

30 A coupler shaft guide 1 1 1 is disposed towards the proximal end 81 of the lancing 

device 80. The guide II 1 has a guide lumen 1 12 disposed in the guide 1 1 1 to slidingly 
accept the proximal portion 92 of the elongate coupler shaft 84. The guide 1 1 1 keeps the 
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elongate coupler shaft 84 centered horizontally and vertically in the slot 102 of the optical 
encoder 91. 

Referring now to Figure 6, a still further embodiment of a cartridge according to 
the present invention will be described. Figure 6 shows one embodiment of a cartridge 
300 which may be removably inserted into an apparatus for driving penetrating members 
.o pierce skin or tissue. The cartridge 300 has a plurality of penetrating members 302 that 
may be individually or otherwise selectively actuated so that the penetratine members 302 
may extend outward from the cartridge, as indicated by arrow 304.. to penetrate tissue. In 
the present embodiment, the cartridge 300 may be based on a flat disc with a number of 
penetrating members such as, but in no way limited to, (25, 50, 75, 100, ...) arranged 
radially on the disc or cartridge 800. I, should be understood that although the cartridge 
300 is shown as a disc or a disc-shaped housing, other shapes or configurations of the 
cartridge may also work without departing from the spirit of the present invention of 
placing a plurality of penetrating members to be engaged, singly or in some combination, 
1 5 by a penetrating member driver. 

Each penetrating member 302 may be contained in a cavity 306 in the cartridge 
300 with the penetrating member's sharpened end facing radially outward and mav be in 
.he same plane as that of the cartridge. The cavity 306 may be molded, pressed. forged, 
or otherwise formed in .he cartridge. Although not limited in (his manner, the ends of the 
cavities 306 may be divided into individual fingers (such as one for each cavity) on the 
outer periphery of the disc. The particular shape of each cavity 306 may be desiuned to 
suit the size or shape of the penetrating member therein or the amount of space desired for 
placemen, of the analyte detecting members 808. For example and not limitation, .he 
cavity 306 may have a V-shaped cross-section, a U-shaped cross-section, C-shaped cross- 
section, a multi-level cross section or the other cross-sections. The opening 810 through 
which a penetrating member 302 may exit to penetrate tissue may also have a varietv of 
shapes, such as bu, no, limited to, a circular opening, a square or rectangular opening, a 
U-shaped opening, a narrow opening that only allows the penetrating member to pass, an 
opening with more clearance on the sides, a slit, a configuration as shown in Figure 75, or 
30 the other shapes. 

In this embodiment, after actuation, the penetrating member 302 is returned into 
•he cartridge and may be held within .he cartridge 300 in a manner so that i, is no, able to 
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be used again. By way of example and not limitation, a used penetrating member may be 
returned into the cartridge and held by the launcher in position until the next lancing 
event. At the time of the next lancing, the launcher may disengage the used penetrating 
member with the cartridge 300 turned or indexed to the next clean penetrating member 
5 such that the cavity holding the used penetrating member is position so that it is not 
accessible to the user (i.e. turn away from a penetrating member exit opening). In some 
embodiments, the tip of a used penetrating member may be driven into a protective stop 
that hold the penetrating member in place after use. The cartridge 300 is replaceable with 
a new cartridge 300 once all the penetrating members have been used or at such other 

1 0 time or condition as deemed desirable by the user. 

Referring still to the embodiment in Figure 6, the cartridge 300 may provide 
sterile environments for penetrating members via seals, foils, covers, polymeric, or 
similar materials used to seal the cavities and provide enclosed areas for the penetrating 
members to rest in. In the present embodiment, a foil or seal layer 320 is applied to one 

15 surface of the cartridge 300. The seal layer 320 may be made of a variety of materials 
such as a metallic foil or other seal materials and may be of a tensile strength and other 
quality that may provide a sealed, sterile environment until the seal layer 320 is penetrate 
by a suitable or penetrating device providing a preselected or selected amount of force to 
open the sealed, sterile environment. Each cavity 306 may be individually sealed with a , 

20 layer 320 in a manner such that the opening of one cavity does not interfere with the 

sterility in an adjacent or other cavity in the cartridge 800. As seen in the embodiment of 
Figure 6 ? the seal layer 320 may be a planar material that is adhered to a top surface of the 
cartridge 800. 

Depending on the orientation of the cartridge 300 in the penetrating member 
25 driver apparatus, the seal layer 320 may be on the top surface, side surface, bottom 
surface, or other positioned surface. For ease of illustration and discussion of the 
embodiment of Figure 6, the layer 320 is placed on a top surface of the cartridge 800. 
The cavities 306 holding the penetrating members 302 are sealed on by the foil layer 320 
and thus create the sterile environments for the penetrating members. The foil layer 320 
30 may seal a plurality of caviiies 306 or only a select number of cavities as desired. 

In a still further feature of Figure 6 r the cartridge 300 may optionally include a 
plurality of analyte detecting members 308 on a substrate 822 which may be attached to a 
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bottom surface of the cartridge 300. The substrate may be made of a material such as, but 
not limited to, a polymer, a foil, or other material suitable for attaching to a cartridge and 
holding the analyte detecting members 308. As seen in Figure 6, the substrate 322 may 
hold a plurality of analyte detecting members, such as but not limited to, about 10-50, 50- 
100, or other combinations of analyte detecting members. This facilitates the assembly 
and integration of analyte detecting members 308 with cartridge 300. These analyte 
detecting members 308 may enable an integrated body fluid sampling system where the 
penetrating members 302 create a wound tract in a target tissue, which expresses body 
fluid that flows into the cartridge for analyte detection by at least one of the analyte 
detecting members 308. The substrate 322 may contain any number of analyte detecting 
members 308 suitable for detecting analytes in cartridge having a plurality of cavities 
306. In one embodiment, many analyte detecting members 308 may be printed onto a 
single substrate 322 which is then adhered to the cartridge to facilitate manufacturing and 
simplify assembly. The analyte detecting members 308 may be electrochemical in nature. 
1 5 The analyte detecting members 308 may further contain enzymes, dyes, or other detectors 
which react when exposed to the desired analyte. Additionally, the analyte detecting 
members 308 may comprise of clear optical windows that allow light to pass into the 
body fluid for analyte analysis. The number, location, and type of analyte detecting 
member 308 may be varied as desired, based in part on the design of the cartridge, 
20 number of analytes to be measured, the need for analyte detecting member calibration, 
and the sensitivity of the analyte detecting members. If the cartridge 300 uses an analyte 
detecting member arrangement where the analyte detecting members are on a substrate 
attached to the bottom of the cartridge, there may be through holes (as shown in Figure 
76), wicking elements, capillary tube or other devices on the cartridge 300 to allow body 
25 fluid to flow from the cartridge to the analyte detecting members 308 for analysis. In 
other configurations, the analyte delecting members 308 may be printed, formed, or 
otherwise located directly in the cavities housing the penetrating members 302 or areas on 
the cartridge surface that receive blood after lancing. 

The use of the seal layer 320 and substrate or analyte detecting member layer 822 
30 may facilitate the manufacture of these cartridges 10. For example, a single seal layer 
320 may be adhered, attached, or otherwise coupled to the cartridge 300 as indicated by 
arrows 324 to seal many of the cavities 306 at one time. A sheet 322 of analyle detecting 
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members may also be adhered, attached, or otherwise coupled to the cartridge 300 as 
indicated by arrows 325 to provide many analyte detecting members on the cartridge at 
one time. During manufacturing of one embodiment of the present invention, the 
cartridge 300 may be loaded with penetrating members 302. sealed with layer 320 and a 

5 temporary layer (not shown) on the bottom where substrate 322 would later go, to provide 
a sealed environment for the penetrating members. This assembly with the temporary 
bottom layer is then taken to be sterilized. After sterilization, the assembly is taken to a 
clean room (or it may already be in a clear room or equivalent environment) where the 
temporary bottom layer is removed and the substrate 322 with analyte detecting members 

10 is coupled to the cartridge as shown in Figure 6. This process allows for the sterile 
assembly of the cartridge with the penetrating members 302 using processes and/or 
temperatures that may degrade the accuracy or functionality of the analyte detecting 
members on substrate 322. As a nonlimiting example, the entire cartridge 300 may then 
be placed in a further sealed container such as a pouch, bag, plastic molded container, 

15 etc... to facilitate contact, improve ruggedness, and/or allow for easier handling. 

In some embodiments, more than one seal layer 320 may be used to seal the 
cavities 306. As examples of some embodiments, multiple layers may be placed over 
each cavity 306, half or some selected portion of the cavities may be sealed with one 
layer with the other half or selected portion of the cavities sealed with another sheet or 

20 layer, different shaped cavities may use different seal layer, or the like. The seal layer 
320 may have different physical properties, such as those covering the penetrating 
members 302 near the end of the cartridge may have a different color such as red to 
indicate to the user (if visually inspectable) that the user is down to say 10, 5, or other 
number of penetrating members before the cartridge should be changed out. 
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and a second layer if more surface area is required, as seen in Figure 10. In one . 
embodiment, the cartridge may contain microfluidic channels to fluidly connect fluid 
receiving sites on the top of the cartridge to those on the bottom. 

In one embodiment, the invention is comprised of an electronic lancet driver to 
5 penetrate tissue, a single disposable cartridge 400 containing penetrating member/analyte 
detecting member pairs 402 arranged on a radial disk of about 6 cm in diameter. 
Penetrating members are coupled to the electronic actuator, which can actuate the 
penetrating members radially outward from the cartridge to penetrate tissue. As seen in 
Figure 7 5 optical or electrochemical analyte detecting members 410 may be coupled to the 

] 0 cartridge, and positioned on the cartridge to receive blood from the wound created by the 
penetrating member. In some embodiments, the portion 412 may be an annular ring 
attached to the cartridge 410. instead of being integrally formed. In one embodiment, 
capillary forces draw the blood or other fluid sample, which flows from the wound to the 
surface of the skin, through an opening and then to the analyte detecting member chamber 

1 5 situated, on the support disc (Figure 8 and 9). In this embodiment, once blood Fills the 

analyte detecting member, analytical testing can be performed on the sample. Results may 
be read optically via transparent windows aligned with optical analyte detecting members, 
or electrochemical!)' from electrodes in contact with the biosensor chemistry. 

In one embodiment as seen in Figure 8, chemical tests are started simultaneously 
20 by having the blood fill a prefill chamber 450. It is microfluidically designed so that when 
enough sample has arrived to fill all the analyte detecting members, the chamber 450 is 
primed to empty and fill the analyte detecting member chemistry zones 454 
instantaneously. It should be understood that the zone 454 associated with each 
penetrating member may vary. Some embodiments may have 2, 3, 4, 5, 6, 7, 8, 9, 10. or 
25 more zones, depending on the types of tests being run and the fluid requirements for each 
zone. In some embodiments, more than one zone may be measuring the same analyte or 
they may all be measuring for the same analyte. Some of the zones may be on the top of 
the cartridge while the remaining are on the underside of the cartridge. 

In some embodiments, a blister 460 may be included. The blister 460 may be 
30 manufactured under pressure. When the blister 460 is broken (either by the indexing 
mechanism or another method) the pressure is released and calibration and or washing 
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vent system opens by piercing mechanism to allow on board calibration fluids to start 
flowing into relevant fluidic structures. The device may optically interrogate from 
bottom as in Fl optical disclosure. Array detection may be used as in 38187-2609. 

In another aspect of the present invention, an improved anaiyte measurement 
5 storage device will be described. The current invention teaches devices and methods for 
isolating the enzymatic region from the sensing region in such a way that they can be 
fabricated and stored without interacting with each other during their pre-use phase. 
However the regions can be properly coupled during their use for proper functioning. 
Referring now to Figure 1 1 . a penetrating member 500 such as one driven by 
10 device as taught herein (though not limited in that manner) may be used to puncture a 
structure 502 containing an enzyme area 504 and a sensing area 506. Septums or seals 
508. 510. 512 and may be used to keep these two areas separated prior to use. As a 
nonlimiting example, the area 504 may be stored in an inert gas (non oxygen) 
environment, while the area 506 is stored in a different environment. The flow of fluid 
1 5 520 into the region may be due to gravity, capillar)' force, vacuum, or other technique. . 
The flow allows the fluid to first gather material from the enzyme area 504 which may 
prepare the fluid for sensing the area 506. These sensing techniques may be used with 
optical anaiyte detecting member as known to those skilled in the art. 

in one embodiment of this invention, the enzyme layer is deposited on the surface 
20 of a capillary region through which the sample to be analyzed flows to the sensing region 
where the transduction takes place. The coating can be placed on the wall of the capillary 
itself, or on the surface of any component of the device such as a penetrating member that 
comes in contact with the sample as it flows toward the sensing region. As the sample 
moves through this region it either dissolves the enzyme layer or extracts the enzyme into 
25 the sample. The rate of this enzyme uptake by the sample can be adjusted such that by the 
time sample reaches the sensing region the enzyme has adequately interacted with the 
anaiyte to present appropriate sample for detection by the anaiyte detecting member. This 
can be achieved by adjusting one or more of the following factors: 1) the length of the 
coated region along the sample flow path, 2) thickness of the coating. 3) chemical 
. 30 composition of the coaling. 4) porosity of the coating. 5) speed of the flow of the sample. 
These methods and means of achieving the appropriate enzyme uptake may be dependent 
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harmful solvents etc. Alternatively, the two layers can be separated by a physical barrier 
such as septum during the pre-use storage of the device. At the time of analysis, the 
barrier can be broken by application of energy (thermal or electrical) or by impact of an 
object such as a penetrating member. Using such a barrier would enable one to store the 
5 layers in different atmospheres. For example, the enzyme could be stored in nitrogen 
atmosphere while the oxygen sensing layer could be stored in oxygen or another gas 
composition adequate for calibration at the time of use or stability during storage. If the 
oxygen analyte detecting member is stored in an oxygen rich atmosphere, the dissolved 
oxygen could act as a reagent for the glucose-GOD reaction. Such a scheme will provide 
10 a baseline for the oxygen consumed by the reaction of glucose that is not limited by the 
dissolved oxygen content of the sample. 

While the invention has been described and illustrated with reference to certain 
particular embodiments thereof, those skilled in the art will appreciate that various 
adaptations, changes, modifications, substitutions, deletions., or additions of procedures 

1 5 and protocols may be made without departing from the spirit and scope of the invention. 
For example, with any of the above embodiments, the location of the penetrating member 
drive device may be varied, relative to the penetrating members or the cartridge. With 
any of the above embodiments, the penetrating member tips may be uncovered during 
actuation (i.e. penetrating members do not pierce the penetrating member enclosure or 

20 protective foil during launch). With any of the above embodiments, the penetrating 
members may be a bare penetrating member during launch. With any of the above 
embodiments, the penetrating members may be bare penetrating members prior to launch 
as this may allow for significantly tighter densities of penetrating members. In some 
embodiments, the penetrating members may be bent, curved, textured, shaped, or 

25 otherwise treated at a proximal end or area to facilitate handling by an actuator. The 

penetrating member may be configured to have a notch or groove to facilitate coupling to 
a gripper. The notch or groove may be formed along an elongate portion of the 
penetrating member. With any of the above embodiments, the cavity may be on the 
bottom or the top of the cartridge, with the gripper on the other side. In some 

30 embodiments, analyte detecting members may be printed on the top, bottom, or side of 
the cavities. The front end of the cartridge maybe in contact with a user during lancing. 
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In another optional alternative embodiment, a gripper in the inner end of the 
protective cavity may hold the penetrating member during shipment and after use, 
eliminating the feature of using the foil, protective end, or other part to retain the used 
penetrating member. Some other advantages of the disclosed embodiments and features 
5 of additional embodiments include: same mechanism for transferring the used penetrating 
members to a storage area; a high number of penetrating members such as 25, 50, 75, 
100, 500, or more penetrating members may be put on a disk or cartridge; molded body 
about a penetrating member becomes unnecessary; manufacturing of multiple penetrating 
member devices is simplified through the use of cartridges; handling is possible of bare 

10 rods metal wires, without any additional structural features, to actuate. them into tissue; 
maintaining extreme (better than 50 micron -lateral- and better than 20 micron vertical) 
precision in guiding; and storage system for new and used penetrating members, with 
individual cavities/slots is provided. The housing of the lancing device may also be sized 
to be economically pleasing. In one embodiment, the dev ice has a width of about 56 

15 mm, a length of about 105 mm and a thickness of about 15 mm. Additionally, some 

embodiments of the present invention may be used with non-electrical force generators or 
drive mechanism. For example, the punch device and methods for releasing the 
penetrating members from sterile enclosures could be adapted for use with spring based 
launchers. The gripper using a frictional coupling may also be adapted for use with other 

20 drive technologies. 

Still further optional features may be included with the present invention. For 
example, with any of the above embodiments, the location of the penetrating member 
drive device may be varied, relative to the penetrating members or the cartridge. With 
any of the above embodiments, the penetrating member tips may be uncovered during 

25 actuation (i.e. penetrating members do not pierce the penetrating member enclosure or 
protective foil during launch). The penetrating members may be a bare penetrating 
member during launch. In some embodiments, the penetrating member may be a patent 
needle. The same driver may be used for advancing and retraction of the penetrating 
member. Different analyte detecting members delecting different ranges of glucose 

30 concentration, different analytes, or the like may be combined for use with each 

penetrating member. Non-potentiometric measurement techniques may also be used for 
analyie detection. For example, direct electron transfer of glucose oxidase molecules 
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nrav be a Md wiIh , he presen , inve „ tion ^..^ fa ^ ^ 

an, o rhe cartridge shown ah™ ™ y h configure, vvi.hou, any of rhe^,™^ ' 
■henauers. so tba , lhe canridae „ s|mp|y „ ^ ^ ^ ^ ^ . 
■ndearng of ,he cartridge may „, su£h ^ ^ ^ ^ 

«* o, se q »en„a,,, As . „ on „ miling „ ampJe ^ ^ ^ 

K^-Jr, which naeans ,ba, ,e c m idge „,„ go rhrough ,wo ro , alions brfore e> ,„ „ 

' .„ of ,he cavn.es are used. As , n01her n0 „ l , m „,„ g ^ , „ fc 

3 « es a w ay , d cavifcs away „ N cavi . es away ^ oexi Me ^ ^ 

*« for g,.a,e, separa.ion between cavfe co„,a,„,„g mtmlKrs ^ ^ " 

fos, used ,„d a fresh pene.rafing m enrbe, ,„ he used „„,. For any of , he emMmems 
herern, ,hev nr.v be configure. ,„ p rovide lhe vaHous ^ ^ ^ 

19, 2002. Th,s applicnuon is a ls o n cominuahon-in-pan of com.uonlv assigned 

Z"' PM °' APPliM "° n N °' l0 ' 2 "' 261 M "°™>- No- 38,87- 

2«b) fi,ed Sep.enrhe, 5. 2002. This appbca.ion is funhe, a co„,i„„a,io„.i„.p arl „, 

conrnron,, signed. copending U.S. Pn.cn, Application Ser . No , 

^ to *.3 8l87 . 26 « )filtdApH12 , 2M3 . This3pp|icaijonistaheracomjnuMion 

m-par, of cu mm0 n ly ass.gned, copending U.S. Pa.eu, A p plicalio „ Scr. No. ,0/235 ,42 
(Arronrev Ducbe, No. 3 8 , 8 2. 2633 ) f,,e d Dec, mb „ „, 2002 ^ All app|katjo „ s ^ 
above are ,«orpo, a ,e d herein b y reference for a„ pnrp oscs. The US provi, id „„ 
npp„cn„o„ SC., no, 60/ d 7 !2 ,,3 md 60/d78 , 68 , are ^ he 
reference. 

prior ,„!h VTT 0 " d,SCUSKd " herei " Pr0V '* d SOlt "' ' h ™ di » to - 
pr,o, ,„ ,he fihng dale of , he p „ sen , ^ ^ . ^ ^ ^ ^ ^ 
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admission that the present invention is not entitled to antedate such publication by virtue 
of prior invention. Further, the dates of publication provided may be different from the 
actual publication dates which may need to be independently confirmed. All publications 
mentioned herein are incorporated herein by reference to disclose and describe the 
structures and/or methods in connection with which the publications are cited. 

Expected variations or differences in the results are contemplated in accordance 
with the objects and practices of the present invention. It is intended, therefore, that the 
invention be defined by the scope of the claims which follow and that such claims be 
interpreted as broadly as is reasonable. 
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^AmCLAiMEDJS: 

1 • A body fluid sampling device comprising- 

a canridge containing a plurality of penetrating members- 

one or sa, penetrating member w hlIe penetratlng , ssu < P ° S,,, ° n " "* "*» 



I 

2 

I 

2 



1 

> 



Meeting members meaMre ma , vKs ^ ^ ^ ^ 
'tlS members measure ana | vles , ehM |o 
d„ec,i„ e memb' ^ ° rdai,n ' 5 "°" d ■""•« <*-■*« 
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1 9. The device of claim I wherein body fluid requirement for each 

2 analyte detecting member is less than 1 microliter. 

1 10. The device of claim 1 further comprising many tests on single 

2 penetrating member/analyte detecting member combination. 

1 11. The device of claim 1 further comprising each segment has the 

2 same test or the cartridge can be divided into regions with a plurality of specific tests. 

1 12. The device of claim 1 further comprising all tests run. subset 

2 reported, cost of test only for tests required. 

1 13. The device of claim 1 w herein said analyte detecting members use 

2 either electrochemical, optical, or combinations of the measurement techniques. 

1 14. The device of claim 1 further comprising a companion cartridge 

2 wherein additional analyte detecting members are coupled for more complex less 

3 common tests, only used if required. 

1 1 5. The device of claim 1 further comprising analyte detecting 

2 members formed on the underside of cartridge, said members used for tests requiring 

3 larger surface area such as for washing steps in hematology or cell counting. 

1 16. The device of claim 1 further comprising an upstream fixed volume 

2 chamber which empties instantaneously when full so that all tests start simultaneously. 

1 1 7. The device of claim 1 further comprising vents, seals, fill detectors 

1 18. The device of claim 1 further comprising cartridge vent system 

2 opens by piercing mechanism to allow on board calibration fluids to start flowing into 

3 relevant fluidic structures 

1 19. The device of claim I further comprising optically interrogate from 

2 bottom as in Fl optical disclosure 

1 20. The device of claim 1 further comprising array detection having a 

2 storage area having a sensing area; 
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* "° V 10 the enz >' me area then to the sensing area. 



21. 



A method of body fluid sampling comprising: 



3 orofll .^'""^^^^^^^^Uy 
P ro ™e or motion waveform; 



piercing a storage area having a sensing 



area; 



P-cng another storage area having an enzyme area separate from the 
6 sensing area prior to piercing; 



7 



2 in • - 22 ' dCViCe ° f C ' aim 1 fUr,her C ° mprisi "g said enzyme area 

« an men environment different f rom an ^ >« 



Dluran f AdeViCef0rb0dyfluidsam P^-ab.ewi,hacanridgehousin 0 
Plurahtv of penetrating members, the device comprising: 



1 

2 
3 

5 -Hd- * Pene " a,i " 8 memb " * W " - - ^ „se ,v,h sai d 



a housing; 

cartridge: 



6 



a storage area having a sensing area- 
whe«,„ said pfnelrali „ s member p . ercB 

^j;— — Nr«. fcIfc .. lll ^ 1 J llifc .'l 



WO 2004/112602 



PCT/US2004/019129 



1/10 



WO 200-1/1 12602 



2/10 



PCT/US2004/01912!) 



DISPLACEMENT 
(mm) 



VELOCITY 
(m/sec.) 



DISPLACEMENT 
(mm) 



VELOCITY 

(m/sec.) 



2.000 
1.000 
0.000 
-1.000 
-2.000 




0 -002 .004 .006 .008 .01 
TIME (sec.) 

Fig. 24 




.002 .004 .006 .008 .01 • 
TIME (sec.) 

Fig. 




WO 2004/112602 



PCT/US2004/019129 



3/10 




Fig. 3 



2004/ J 12602 




WO 2004/112602 



5/10 



PCT/US2004/019129 




WO 2004/112602 

PCT/US2004/019129 

6/10 




FIG. b 
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Figure 7 A 
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